malities in infants with hyaline membrane disease. A substantial number of infants showed increased shunting at high levels of oxygen, even in the presence of continuous distending airway pressure. It is hypothesised that a rising shunt is due to complete absorption of gas in poorly ventilated alveoli at high concentrations of inspired oxygen, resulting in the presence of atelectasis and redistribution of blood to poorly ventilated areas.
Studies of pulmonary function in neonates with prematurity and/or respiratory distress have consistently found significant alveolar-arterial oxygen gradients (Nelson et al., 1963a; Thibeault etal., 1966 Thibeault etal., , 1967 Thibeault etal., , 1968 Krauss and Auld, 1969; Tori et al., 1973) . The alveolar-arterial oxygen gradient has been shown to persist at high alveolar oxygen concentrations (Thibeault et al., 1967; Tori et al., 1973) and in the absence of large urinary-alveolar nitrogen gradients (Krauss and Auld, 1969) or abnormal nitrogen washout curves (Tori et al., 1973) . This suggests that the major cause of the gradient is cardiopulmonary shunting rather than diffusion barriers or distribution abnormalities (Farhi and Rahn, 1955; Strang and MacLeish, 1961; Davidson et al., 1972; Tori et al., 1973) , although there is evidence contrary to this conclusion (Ledbetter et al., 1967) .
This study was designed to estimate the percentage of cardiac output which is shunted from right to left at low, intermediate, and high concentrations of inspired oxygen, using the graphs designed by Druger et al. (1973) (Fig.) . When change in estimated right-to-left shunt is plotted against inspired oxygen, an oxygen profile is created. Oxygen profiles were studied serially to assess the shunting characteristics of the neonatal lung. The oxygen profiles were also used to compare the shunting characteristics in the lungs of infants treated with positive airway presReceived 23 June 1977 sures in contrast with infants allowed to breath spontaneously.
Methods and materials
Twenty neonates ranging in weight from 940 g to 4500 g were studied, with the informed consent of their parents. All were patients in the Neonatal Intensive Care Unit at New York Hospital and all were being treated for respiratory distress, diagnosed on the basis of tachypnoea, retractions, and a need for oxygen beyond 4 hours of birth. Hyaline membrane disease was diagnosed on the basis of respiratory distress associated with ground-glass appearance of the lungs in association with air bronchograms on chest x-ray. Meconium aspiration was diagnosed when respiratory distress occurred in association with an over-inflated chest and meconium staining of the skin, and a chest x-ray characterised by bilateral coarse infiltrates. Transient tachypnoea of the newborn was diagnosed when respiratory distress was associated with rapid breathing, large chest diameter, and lack of meconium staining in an infant without the radiological finding of hyaline membrane disease or meconium aspiration. (Gersony et al., 1972) .
The alveolar oxygen tension was calculated with the standard alveolar air equation (Otis, 1964) , assuming that alveolar carbon dioxide was equal to arterial carbon dioxide and a respiratory exchange ratio of 0.8. The dry barometer of the day was used in all calculations. The values calculated for alveolar and arterial oxygen tensions were plotted on a graph devised by Druger et al. (1973) as modified for fetal haemoglobin. This graph allows for estimation by interpolation of the per cent shunt. The change in shunt on one day was then calculated by subtracting the per cent shunt at the highest alveolar oxygen from the per cent shunt at the lowest alveolar oxygen. Haemoglobin was maintained between 12 and 14 g/dl by transfusion in these patients. Small variations within this range would not greatly affect the estimated shunts (Gersony et al., 1972) . Similarly, small variations in arteriovenous difference for oxygen content would have small effects on the estimated shunt (Gersony et al., 1972) . Results The data, including the change in estimated per cent shunt (oxygen profile) are presented in the Table. The graph used to estimate the percentage of shunting is shown in the Fig. with examples of a negative oxygen profile (falling line, increasing shunt as inspired oxygen increases) and a positive profile (rising line, decreasing shunt as inspired oxygen rises). No statistically significant differences were found in the percentage change in shunts (oxygen profiles) when spontaneously breathing infants with hyaline membrane disease were compared with infants receiving distending airway pressure. Spontaneously breathing infants with hyaline membrane disease had a mean increase in shunt of 5 %, with a standard deviation of 16%. This compared with a mean decrease in shunt of 3 % with a standard deviation of 16% in the group receiving continuous distending airway pressures. Wide variations of changes in percentage of shunts were observed with increasing inspired oxygen in both groups of infants, in some cases as great as 30% in either direction.
Patients showing an increasing shunt (negative profile) have higher initial arterial oxygen tensions than patients with falling shunts (positive profile). Those with positive profiles had a mean initial arterial oxygen tension of 45±mmHg compared to a mean of 67+28 mmHg in the negative profile group. This difference was significant (t = 2-9649, P<0.01). A linear relationship between initial P02 and oxygen profile was found. This relationship, PO, = (-0 96) (oxygen profile)+58, was highly significant (r = -0 50, t = 3.744, P<0-001). Davidson et al., 1972; Druger et al., 1973) . The contribution to the shunt-like effect of the first two There are three causes for venous admixture. They factors is overcome by breathing a high concentraare distribution (i.e. VA/Q) abnormalities, diffusion tion of inspired oxygen (West, 1970; Druger et al., abnormalities, and true right-to-left shunting (West, 1973) . Thus, the presence of positive oxygen profiles in infants with hyaline membrane disease indicates the existence of either distribution or diffusion abnormalities which may account for as much as 25% of the observed venous admixture at lower concentrations of inspired oxygen. These factors have previously been thought to play a less substantial role in hyaline membrane disease (Krauss and Auld, 1969; Tori etal., 1973; Corbet etal., 1974; Krauss et al., 1976) . Negative profiles should be found only if the amount of true cardiopulmonary shunting is increased at high levels of inspired oxygen. This increase in shunting at high concentrations of oxygen may be caused by the complete absorption of gases in poorly ventilated alveoli which results in atelectasis and an increased pulmonary shunt component. There is extensive evidence to support the concept of absorption atelectasis. In 1955, Dale and Rahn noted the possibility for the rapid formation of new areas of atelectasis in alveoli containing a high concentration of oxygen. Nelson et aL (1963b) proved that breathing 100% oxygen caused a decrease in the thoracic gas volume calculated in infants breathing 21 % oxygen. Thibeault et al. (1967) showed that in 12 of 18 infants studied prolonged oxygen breathing caused an increase over time in the observed alveolar-arterial oxygen difference.
The existence of negative profiles would imply that a lung space which is prone to absorption atelectasis exists from day 0 to day 9. This space may be related to such poorly ventilated lung spaces as areas of trapped pulmonary gas which disappear over time (Nelson et al., 1963b) , or the area distal to an occlusion by meconium aspiration. The highly compliant airways in the lungs of preterm neonates (Burnard et al., 1965) may also contribute to the susceptibility of their lungs to resorption atelectasis through a mechanism of airway closure.
Oxygen has two other effects in the newborn infant. First, increased oxygen tensions have been shown to cause the closure of the ductus arteriosus (Kovalvik, 1963; Assali et al., 1963) in isolated in vitro animal preparations (Kovalvik, 1963; Assali et al., 1963) , in vivo animal studies (Assali et al., 1963) , and man (Moss et al., 1964) . This is not a salient factor in the results of this study because closure of the ductus would decrease cardiopulmonary shunting at high oxygen levels, which would result in a positive oxygen profile. Second, changes in the level of inspired oxygen have been shown to alter the vascular tone in normal man (Motley et al., 1947) , adults with acute respiratory failure (Enson et al., 1964; Suter et al., 1975) , and in the lamb fetus (Dawes, 1966) . Reduced oxygen levels induce vasoconstriction and increased oxygen levels induce vasodilation by a direct mechanism (Dawes, 1966; Suter et al., 1975) . The recent studies of Suter et al. suggest that high levels of inspired oxygen may result in redistribution of blood to poorly ventilated areas of the lung in addition to causing atelectasis (Suter et al., 1975) .
These findings have important implications for present day diagnostic procedures used to evaluate infants with respiratory distress because many of these procedures include the determination of arterial oxygen tension at high concentrations of inspired oxygen (Strang and Macleish, 1961; Boston et al., 1966; Stahlman et al., 1967; Roberton et al., 1968; Duc, 1971) . In 1966, Boston et al. created a system of prognostic classification for infants with respiratory distress syndrome which was based solely on the blood pH and the initial arterial oxygen tension determined with the infant breathing 100% oxygen. A low risk group (arterial oxygen tension >100 mmHg, pH >7 20), and a high risk group (arterial oxygen tension S 100 mmHg, pH <7 20) were defined.
In 1967, Stahlman et al. refined this system of classification. They included the parameters of arterial oxygen tension while breathing 100% oxygen, blood pH, birthweight, respiratory rate, and serum potassium in determining a discriminant score for the infant. The discriminant score places the infant in a class interval scheme, which in turn provides information for the prognosis. The most powerful factor in determining the discriminant score is the arterial oxygen tension measured while the patient inspired 100% oxygen. The finding of an increased shunt at high levels of inspired oxygen adds important qualifications to these classification schemes. Arterial gas tensions measured while breathing high levels of inspired oxygen may cause an overestimation of the severity of the disease which may then lead to overly aggressive treatment and an unfairly pessimistic prognosis.
Of further interest is the observation that absorption atelectasis may take place even in the presence of continuous distending airway pressures. The presence of a group of infants with decreasing shunt at high levels of inspired oxygen indicates that at least some infants with hyaline membrane disease may have significant defects in distribution, diffusion, and diffusion/perfusion ratios similar to those shown to be present in adults with severe pulmonary disease Briscoe and King, 1974 
